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DESCRIPTION 

Means And Method For Enhancing 
Nucleic Acid Hybridization 

Field of the Invention 

This invention relates to methods for enhancing 
hybridization between a polynucleotide and a nucleotide 
multimer complementary to a nucleotide sequence within 
the polynucleotide. In another aspect, it relates to 
diagnostic assays and therapeutic processes using nucleic 
acid probes. 

Background 

Nucleic acid hybridization, the formation of a - 
double strand of nucleic acids by formation of hydrogen 
bonds between complementary strands of nucleic acids, is 
a well known phenomenon finding increasing application. 
For example, hybridization is the core phenomenon of so- 
called "genetic probe" assays. Thus, an assay to confirm 
the presence in a suitably prepared sample of a nucleic 
acid of diagnostic significance can be built around a 
nucleic acid, usually an oligonucleotide (oligomer) of 
known sequence (the "probe") which is complementary to a 
nucleotide sequence within the targeted nucleic acid. 
See, for example, U.S. Patent No. 4,358,535. 

The formation of hybrid between the probe and 
targeted nucleic acid, usually detected by a suitable 
label linked to the probe after separation of unbound 
probe, is taken as confirmation that the complementary 
sequence is present in the nucleic acid of the sample. 
The presence of this sequence, if properly selected, 
permits inferences of diagnostic significance to be 
drawn. For example, if the sequence complementary to the 
probe is unique to a genus or species of bacteria which 
causes disease, the presence of the genus or species in 
the sample is confirmed if hybrid formation is 
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detected. Absence of hybrid formation, on the other 
hand, permits the negative inference, i.e., that the 
sample does not contain the suspect organism (or 
organisms), at least within the detection limits of the 
assay. Such an assay might be used with other symptom- 
atology to diagnose that disease is present caused by the 
detected organism. A similar assay might show its 
presence in food intended for human consumption. Using 
similar techniques, nucleic acid probes can be used to 
detect not only bacteria, but also disease causing fungi, 
viruses, oncogenes or protooncogenes , genes associated 
with a variety of genetic diseases, and the like. 

It has also been proposed to use nucleic acid probes 
therapeutically. For example, if a cell is infected by a 
virus, and a probe is introduced into the cell which is 
complementary to at least a portion of the messenger RNA 
(mRNA) encoded by the virus or to its genomic nucleic 
acid, binding of the probe to the targeted viral nucleic 
acid would prevent its transcription or translation by 
the cell's ribosomes, effectively preventing the virus 
from replicating. This phenomenon of probe hybridization 
with mRNA is referred to as "hybridization arrest." 
Hybridization arrest using a methylphosphonate derivative 
of DNA as a probe is described in U.S. Patent No. 
4,511,713. The use of hybridization arrest techniques to 
inhibit mRNA translation of dihydrof olate reductase in an 
in vitro model using anti-sense oligonucleotides, 
including mixtures of short oligonucleotide sequences, is 
described by Maher, et al.. Archives of Biochem. and 
Biophys. , 253 , 214-20 (1987). 

In the case of using genetic probes to detect 
organisms, particularly infectious organisms, it has 
heretofore been the general practice to target DNA in 
order to identify the organisms of interest. Because DNA 
is already double stranded, this has made it necessary to 
not only lyse the cell to liberate the DNA, but also to 
denature (melt) the double stranded DNA to obtain a 
single stranded structure. This is typically done by 
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heating the double stranded DNA to a temperature at which 
the duplex structure comes completely apart. The 
temperature at which this occurs in solution can vary* 
The T m of a duplex (the temperature at which 50% of the 
strands of DNA have separated) is increased by increasing 
the ionic strength of the solution and decreases in the 
presence of reagents such as formamide which destabilize 
hydrogen bonds. 

After denaturation, the DNA is typically fixed to a 
solid surface such as nitrocellulose to preclude reforma- 
tion of the DNA's binary structure { renaturation) by 
hybridization of the separated strands. See U.S. 
4,358,535. While fixing the DNA to a solid surface 
prevents renaturation, it imposes heterogeneous kinetics, 
15 with their attendant disadvantages including a much 
slower rate of hybridization, on the assay . . system. 
Fixing the DNA to a solid surface also may fix the DNA in 
an orientation which prevents hybridization with the 
probe. 

To overcome these limitations it has been proposed 
to conduct hybridization in solution since solution 
kinetics are much more favorable than heterogeneous 
kinetics. As a result, hybridization goes to completion 
in solution much faster than would be the case if the 
targeted DNA is fixed to a solid surface. In-solution 
hybridization can be carried out by adding probe to the 
denatured DNA and reestablishing conditions under which 
duplex formation can occur. If a sufficient excess of 
probe is used, it can compete effectively for the 
particular nucleotide sequence in the targeted nucleic 
acid to which the probe is directed with the DNA present 
in the sample that is complementary to that sequence. 

At least some of the problems associated with 
targeting DNA can be avoided by using RNA as a target. 
RNA is already . single stranded and, therefore, the 
necessity for denaturing and fixing the DNA to a solid 
phase or carrying out hybridization under conditions in 
which the probe must compete with the organism's own DNA 
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is eliminated. In the case of viruses , mRNA can be a 
useful target , However , in the case of pro-and 
eucaryotes, it is preferred to target ribosomal RNA 
(rRNA) since each cell contains about 10 3 -10 4 as much 
rRNA target sites as genomic DNA. Thus targeting rRNA, 
if available as a target, permits assays of much greater 
sensitivity. 

Assay methods "which target RNA and exploit in- 
solution hybridization are described in Canadian Patent 
No. 1,215,904 and European Patent Application No. 
84900667.1, the disclosures of which are incorporated 
herein by reference. 

Although much more convenient for the user, the 
development of assays which target ribosomal RNA presents 
problems. Often a candidate probe, which otherwise 
appears to be ideal, fails because it exhibits a very 
slow reaction rate or poor extent of reaction, even when 
hybridization is carried out in solution. As a result, 
it may in some cases be necessary to select for an assay 
a probe which compromises specificity in order to achieve 
the desired kinetics. In other cases, it may be 
necessary to sacrifice sensitivity in order to achieve a 
commercially viable assay because of the slow kinetics or 
poor extent of hybrid formation. 

Approaches to accelerating the rate of hybridization 
of complementary nucleotide multimers have been explored. 
Among those are the addition of nucleic acid precipitat- 
ing reagents to the hybridization solution as described 
in application for U.S. Application Serial No. 57,981, 
filed June 4, 1987, assigned to the assignee of this 
application and the disclosure of which is incorporated 
by reference as if fully set forth herein. 

The use of rate acceleration techniques as described 
in the above-referenced application does not in every 
case provide a . rate of hybridization increase which 
permits optimal assay development. As a result, there 
remains a need for other means of enhancing the kinetics 
of hybridization between a probe and its target sequence 
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which can be used with, or even in lieu of, other 
techniques for accelerating the rate of hybridization 
between complementary nucleotide multimers. 

Another problem is sometimes encountered in the 
development of assays of narrow specificity, particularly 
when the assay is directed to a single species of an 
organism in a genus containing closely related species. 
The sequence homology of the genomic DNA and ribosomal 
RNA of the target species and its 1 close relatives is 
very close in such cases and these nucleic acids often 
contain mismatches of only one or two nucleotide bases in 
relatively long sequences. 

With the advent of nucleic acid synthesizers, it has 
been possible to design and synthesize probes which are a 
perfect, or near perfect, complement for a sequence in 
the targeted nucleic acid. The T m of a hybrid between 
the probe and its complement in the targeted nucleic acid 
is a function of the number of complementary nucleotides 
involved in hybrid formation, i.e., as the length of the 
probe increases so generally does the T m . Therefore, the 
probe must be long enough so that a stable hybrid is 
formed at the temperature at which the assay is carried 
out. 

This temperature is selected so that the extent of 
hybridization within a reasonable time is enough to give 
the assay adequate sensitivity. Often a probe long 
enough to permit this has sufficient complementarity with 
a sequence in one or more closely related species that 
significant hybridization with the nucleic acid of the 
closely related species can also occur during the assay. 
This cross reactivity is usually due to the fact that 
their melting profiles are overlapping. This can reduce 
the specificity of the assay by causing false positive 
results. Cross reactivity could be significantly reduced 
or even avoided however , if the T m of relatively short 
probes could be raised since the difference in T m between 
a hybrid of a probe and its perfect match and a hybrid of 
the probe with a nucleic acid having one or more nucleo- 
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tide mismatches is usually greater for a short probe 
compared to a larger one having the same number of 
mismatches. The shorter probe has a higher percentage of 
mismatches to its nearest neighbor than the longer probe 
which can result in their melting profiles no longer 
overlapping. This larger difference in the T m , means 
that the mismatched hybrid can be completely dissociated 
while the percentage of hybridization of probe to target 
remains high. Reduction in such cross reactivity would, 
of course, have the result of reducing or eliminating 
false positive results with a resulting increase in assay 
specificity. 

Summary of the Invention 

A single stranded nucleic acid such as rRNA or 
denatured DNA has an ordered secondary structure arising 
from intramolecular formation of hydrogen bonds between 
complementary nucleotide sequences within the single 
stranded nucleic acid itself. These sequences can be 
brought into close enough proximity to permit intra- 
molecular hybridization by chain folding. The result is 
a structure like that depicted in Pig. l which is a 
depiction of the secondary structure of the eubacterial 
16S rRNA in which the "dots" represent individual 
nucleotides and the "dashes" represent intramolecular 
hydrogen bonds. Although not shown in Fig. 1, the rRNA 
also possesses tertiary structure arising from the same 
kind of attractive forces that order duplex DNA into its 
now well known helical structure. 

A substantial portion of this secondary and tertiary 
structure is not lost under conditions normally employed 
for nucleic acid hybridization, e.g., elevated 
temperature, presence of salt, presence of accelerators 
and the like. We have found that this residual structure 
can sterically inhibit, or even block, hybrid formation 
between a nucleotide multimer, for example a DNA or RNA 
oligomer being used as a probe, and its complementary 
sequence in the ribosomal RNA or other single stranded 
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nucleic acid such as raRNA or DNA which the probe targets. 
We have further found that this inhibition can be reduced 
and even eliminated, by use of a "helper" oligonucleotide 
which binds to a portion of the RNA or DNA other than 
that being targeted by the probe , and which imposes new 
secondary and tertiary structure on the targeted region 
of the single stranded nucleic acid whereby the rate of 
binding of the probe is accelerated. Thus, by using a 
properly selected helper oligonucleotide, the rate of 
hybridization between the probe and its complementary 
sequence in the targeted nucleic acid can be substan- 
tially increased and even permit hybridization to occur 
at a rate and under conditions otherwise adequate for an 
assay where, without the use of the helper, no substan- 
tial hybridization can occur • 

We have also found that the use of a helper can 
raise the T m of the hybrid of a relatively short probe 
and its intended target relative to the T m of the hybrid 
of the probe and a nucleic acid sequence with which the 
probe is less complementary. As a result, assays for 
organisms which occur in environments populated by 
closely related organisms can be obtained which exhibit 
improved specificity. 

Accordingly, an object of the invention is to 
facilitate binding between a targeted single stranded 
nucleic acid, however derived, which has sufficient 
higher order structure to inhibit binding of a nucleotide 
multimer complementary to a nucleotide sequence within 
the targeted nucleic acid. 

Another object of the invention is to provide 
improved assays which target ribosomal RNA or other 
nucleic acids by affording a greater selection of 
nucleotide multimer probes having properties useful in 
the assays. 

Another object of the invention is to enhance the 
performance of assays which utilize nucleotide multimer 
probes complementary to sequences within targeted RNA or 
other nucleic acid by accelerating the rate of hybridize- 
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tion between probe and target. 

The achievement of these and other objectives will 
be described in the following Detailed Description of the 
Invention and with reference to the drawings. 

Brief Description of the Drawings 

Pig. 1 is an illustration of the secondary structure 
of the eubacterial 16S ribosomal RNA. 

Fig. 2 is an illustration of the secondary structure 
of the eubacterial 16S ribosomal RNA showing the binding 
locations of a probe for Salmonella enteritidis and two 
helper oligonucleotides according to the invention. 

Pig. 3 is an illustration of the secondary structure 
° f thS eubacterial 16S ribosomal RNA showing the binding 
15 locations of probes and helper oligonucleotides for 
Neisseria gonorrhea according to the invention. 

Description of Preferred Embodiments 

As used in this disclosure, the following terms are 
20 defined as: 

nucleotide : a subunit of. a nucleic acid consisting 
of a phosphate group, a 5 carbon sugar and a 
nitrogen containing base. In RNA the 5 carbon sugar 
is ribose. In DNA, it is 2-deoxyribose. 

25 

nucleoti de multimer : a chain of nucleotides linked 
by phosphodiester bonds. 

oligonucleotide or oligomer ; a nucleotide multimer 
generally about 10 to about 100 nucleotides, but 
which may be 200 or more nucleotides in length. 
3 ° The y are usually synthesized from nucleotide 

monomers or obtained by enzymatic means, 
polynucleotide: a nucleotide multimer generally 
about 100 nucleotides or more in length, 
complementarity; a property conferred by the base 
sequence of. a single strand of DNA or RNA which, 
with another DNA or RNA strand, may form a hybrid of 
double stranded DNA : DNA , RNA: RNA or DNA: RNA through 
hydrogen bonding between Watson-Crick base pairs on 
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the respective strands. Adenine (A) usually 
complements thymine (T) or uracil (U), while guanine 
(G) usually complements cytosine (C). Non-canonical 
base pairs , for example f A:G or G;U, can also lend 
5 stability to a double strand. 

nucleotide probe ; a nucleotide multimer having a 
nucleotide sequence complementary with a sequence in 
a targeted nucleic acid, usually a polynucleotide, 
having diagnostic or therapeutic significance. 
10 Usually the probe is selected to be perfectly 

complementary to the target sequence. However, in 
some cases it may be adequate or even desirable that 
one or more nucleotides in the probe not be 
complementary to the corresponding base in the 
15 target sequence. A nucleotide probe is also usually 

a smaller multimer than the. multimer containing the 
target sequence. Typically it is an oligo- 
nucleotide, but may be a polynucleotide, and for 
assay procedures is usually labeled with a chemical 
20 substituent which permits its detection, for 

example, by radiometric, colorimetric, f luorometric, 
chemiluminescence or other suitable techniques. In 
appropriate cases, the probe may be an analogue of 
the phosphate ester structure of typical DNA or 
25 RNA. For example, it may have an alkyl or 

phosphate, a phosphorothioate or other modified 
backbone structure. 

helper oligonucleotide ; a nucleotide multimer, 
generally not greater than about 50 nucleotides in 
30 length, which binds the targeted nucleic acid 

- without substantially overlapping the region bound 
by a nucleotide probe and which enhances the 
kinetics of hybridization between the probe and the 
sequence within the targeted nucleic acid with which 
it is complementary and/or which raises the T m of 
the hybrid between probe and complementary sequence. 
As pointed out in the Summary of the Invention, we 
have found that the binding between a nucleotide probe 
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and a sequence with which it is complementary found in a 
targeted nucleic acid can be enhanced by use of an 
oligonucleotide helper in the sense that the rate and 
extent of hybridization can be increased. In some cases 
where the unassisted probe does not show measurable 
hybridization with the target , use of a helper oligo- 
nucleotide permits the probe to bind efficiently with its 
complementary sequence within the target nucleic acid. 
We have also found that the use of a helper oligonucleo- 
tide can raise the T m of a hybrid formed by the probe and 
target nucleic acid. Accordingly, when reference is made 
to enhancement of binding herein, that means that the 
rate of hybridization and/or extent of hybridization is 
increased and/or the T m of the resulting hybrid is 
15 increased. As will be apparent from the following 
discussion, these observations .have significant practical 
application. 

Also as pointed out in the Summary of the Invention, 
the effect of helper oligonucleotides on the kinetics of 
20 hybridization is the result of reordering of the 
secondary and tertiary structure of the single stranded 
- targeted nucleic acid. Thus, the invention is useful in 
improving the kinetics of hybridization between a probe 
and a nucleic acid selected from DNA or RNA. Targeted 
DNA may be of any origin, including, but not limited to, 
genomic DNA of cells such as unicellular microorganisms 
or cells from higher life forms or the nucleic acid of 
viruses. Similarly, targeted RNA may be of any origin 
including, but not limited to, that found in cells as 
mRNA, rRNA or tRNA. Accordingly, in appropriate 
circumstances, the targeted nucleic acid may be 
associated with a virus, a tumor cell, a cell evidencing 
genetic disease, or an organism which causes disease. 

The probe is typically a relatively short nucleotide 
multimer of either RNA or DNA, the latter being preferred 
because of the difficulty of protecting RNA probes from 
degradation by highly stable and efficient enzymes which 
breakdown RNA. The probes may also be analogues of the 
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phosphate diester backbone of DNA or RNA in their usual 
forms. For example, in certain applications such as 
hybridization arrest procedures, the probe may be a 
methylphosphonate analogue of DNA as described in 
5 U.S. Patent No. 4,511,713, or other alkyl or arylphos- 
phonates as described in U.S. Patent No. 4,507,433 and 
U.S. Patent No. 4,469,863, or a phosphorothioate analogue 
as described in Matsukura, et al., "Phosphorothioate 
Analogs of Oligodeoxynucleotides : Novel Inhibitors of 
10 Replication and Cytopathic Effects of Human Immuno- 
deficiency Virus (HIV) , "PNAS" , (In press). 

Currently preferred for use in the invention are 
oligonucleotide probes which are generally of about 10 to 
about 50 nucleotides in length and, preferably, from 
15 about 15 to about 40 nucleotides in length. Such probes 
are conveniently obtained using a DNA synthesizer and are 
generally designed to be perfectly complementary to a 
nucleotide sequence within the target nucleic acid. 
However, a perfect nucleotide match is not always 
necessary and in some cases advantages can be obtained by 
deliberately introducing non-canonical base pairs or 
mismatches. 

Usually the probe is selected to bind a region 
within the target nucleic acid so as to minimize cross 
25 reaction with a nucleic acid whose hybridization with the 
probe would be undesirable. In other words, the probe is 
selected to bind the target nucleic acid in a region 
where a closely related nucleic acid has the least 
homology. For example, in the case of a probe for use in 
a diagnostic assay for a species or group of organisms, 
the probe is selected to bind to DNA or RNA associated 
with the organism or organisms of choice in a region 
which exhibits the greatest evolutionary divergence from 
the nearest phylogenetic relative which may contaminate a 
sample containing the target organism or organisms. 

The helper oligonucleotide is selected to bind to 
the target nucleic acid in a region which affects the 
kinetics of hybridization between the probe or target 



20 



30 



35 



WO 89/04876 



PCT/US88/04103 



-12- 

nucleic acid by increasing the rate of hybridi2ation and 
extent of binding and/or which raises the T m of the 
resulting hybrid. In some cases, the helper oligonu- 
cleotide may be selected to bind a region in the target 
5 nucleic acid which is immediately adjacent to that bound 
by the probe. In such a case limited overlap between the 
region recognized by the helper and that recognized by 
the probe can be tolerated but is usually not desirable. 
In other cases the. helper may exhibit the desired effect 
10 even though it binds a region removed from that bound by 
the probe. 

Like the probes, helper oligonucleotides can be DNA 
or RNA , DNA being preferred for reasons already 
indicated. Also, the helper oligonucleotides can be 

15 analogues of phosphate diesters such as the alkyl or aryl 
phosphonates and phophorothioates previously mentioned. 

Helper oligonucleotides are also conveniently 
obtained by synthetic means and are usually within the 
range of about 10 to about 100 nucleotides in length. 

20 Preferred helpers are from about 20 to about 50 nucleo- 
tides in length because larger helpers are difficult to 
synthesize and shorter helpers are less effective in 
achieving the desired effects. The helper probe need not 
be designed to have a nucleotide sequence which is not 

25 complementary to nontarget nucleic acid since the ability 
to discriminate between target and nontarget nucleic 
acids is the function of the probe. However, if the 
region to which the helper oligonucleotide binds also 
exhibits less than perfect sequence homology with closely 

30 related nontarget nucleic acid, the helper may enhance 
the" discrimination between target and nontarget. 

Hybridization of probe to target nucleic acid may be 
carried out under conditions where the probe concentra- 
tion and that of target are the same or in probe or 

35 target excess. When the probe is used in excess, it is 
typically used in a molar concentration which is at least 
about 5 to about 20 or more times that of the target. 
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Usually the helper oligonucleotide is used in excess 
compared to the probe. When the probe is used in excess 
to the target nucleic acid, the helper oligonucleotide . is 
typically used in a molar concentration at least about 5 
5 times that of the probe and up to a molar concentration 
which is about 100 or more times that of the probe. When 
target is in excess compared to probe, the helper oligo- 
nucleotide typically is used in a molar concentration at 
least about 10 times that of the target and up to about 

10 100 or more times that of the probe. 

By the utilization of a helper oligonucleotide, it 
has been possible to increase the rate of hybridization 
of a probe to target nucleic acid by as much as 100 fold 
or more. It has also been possible to increase the 

15 extent of hybridization no matter how long one runs the 
reaction and to raise the T m of the hybrid of probe and 
target nucleic acid. The following examples demonstrate 
those effects: 

20 Example 1 

The 16S rRNA of Salmonella exhibits a typical closed 
intrastrand r helical structure in the 430-500 region of 
the 16S rRNA. A probe for this region was constructed 
using a DNA synthesizer having the following nucleotide 
25 sequences 

5 ■ -TGCGGTTATTAACCACAACACCTT- 3 1 
Assays for Salmonella enteritidis were run using 
this probe with and without helper oligonucleotides 
selected from the following: 
30 Helper A : 5 1 -CCTCCCCGCTGAAAGTACTTTAC-3 1 

Helper B : 5 ' -GGTGCTTCTTCTGCGGGTAACGTCAATGAG-3 1 
Helper A and Helper B were selected to bind to the 
rRNA of Salmonella in the regions immediately adjacent to 
the probe as shown in Fig. 2, Helper A binding in about 
35 the 430-450 region and Helper B in about the 480-510 
region. 
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The assays were run under the following conditions: 
32 P-end labeled probe was combined with 0.1 micro- 
gram of target rRNA in target excess. The hybridization 
was run at 55°C in 100 microliters of 0.48M sodium 
phosphate buffer containing 0.5% sodium dodecyl sulfate, 
ImM EDTA and ImM EGTA. When helper was used, the molar 
concentration of helper was 100 times that of the probe. 
When two helpers are used, each was in a molar concentra- 
tion 100 times that of the probe. The hybridized probe 
was separated from unhybridized probe using hydroxy- 
apatite as described in Canadian Patent No. 1,215,904 and 
the hybrids quant itated by scintillation counting. 

Table I below shows the percent of hybridization of 
the probe to Salmonella enteritidis rRNA obtained under 
15 assay conditions using the probe alone and with either 
. Helper A or Helper B or with both together. 

Table I 



10 



20 



% Hybrid Found 
Hybridization Hybridization 
Reagent for 6 min . Overnight 

Probe Alone 1.2% 1.8% 

Probe/Helper A 26.3% 68.5% 

Probe/Helper B 51.6% 68.0% 

25 Probe/Helpers A and B 78.6% 83.1% 

The results shown in Table I demonstrate the 
dramatic effect on probe hybridization with a target 
nucleic acid which can be obtained using a helper 
oligonucleotide. In each case nearly significant 
hybridization was obtained when the helpers were used 
under conditions where less than 2% hybridization of the 
probe was observed in the absence of helper. 

The T m of the hybrids which resulted from the 
hybridization of the probe with Salmonella enteritidis 
with and without, assistance of a helper oligonucleotide 
were also determined in 0.12 M phosphate buffer con- 
taining 0.02% sodium dodecyl sulfate and ImM EDTA and 
ImM EGTA. The T m of the probe alone was 59°C. By 
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comparison, the T m with Helper A was 63.5°C and with 
Helper B, 63°c. 

Example 2 

5 Neisseria also exhibits closed intrastrand, helical 

structures in the 16S ribosome. We found examples in the 
130-150, 460-480 and 980-1010 regions. A probe for the 
130-150 region was synthesized using a DNA synthesizer 
having the following nucleotide sequences 
10 5 1 -CCGCTACCCGGTACGTTC-3 ' 

Assays for Neisseria gonorrhea were run using this 
probe with and without helper oligonucleotides selected 
from the following: 

Helper C: 5 * -CGATATGTTACTCACCCGTTCGCCACTCGCC— 3 ' 
15 Helper D: 5 ' -CCCCTGCTTTCCCTCTCTAGACGTATGCGG- 

TATTAGCTGATCTTTCG- 3 1 
Helper E: 5 ' -GGCCTTTACCCCGCCAACCAGCTAATCAGA- 

TATCGGCCGCTC-3 ' 
Helper C was selected to bind to the rRNA of 
20 Neisseria in the region immediately adjacent to the probe 
as shown in Pig. m, in a region centering at about 
110. Helpers D and E were selected to bind in regions of 
the rRNA remote from that bound by the probe as also 
shown in Pig. in. Helper D is centered at about 190 and 
25 Helper E at about 250. 

The assays were run under the same conditions as 
Example 1, including the same molar ratios of helper (or 
helpers) to probe, except that hybridization was carried 
out at 60«»C. The T m 's of the hybrids were also obtained 
30 as in Example 1. 

Table IIA below shows the percent of hybridization 
of the probe to Neisseria gonorrhea rRNA under assay 
conditions using the probe alone and with each helper and 
combinations of helpers. 

35 
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Table IIA 

% Hybrid Found 







Hybridiza- 


Overnight 








tion for 


Hybrid- 




Reagent 




12 min. 


ization 


Tm 


Probe alone 


1% 


9% 


62.4°C 


Probe & 


Helper C 


18% 


75% 


65.9°C 


Probe & 


Helper D 


7% 


65% 


63.4°C 


Probe & 


Helper E 


7% 


22% 


63.0°C 


Probe & 


Helpers C&D&E 


22% 


85% 


66.0°C 


Probe & 


Helpers C & E 


22% 


77% 


65.5°C 


Probe & 


Helpers C & D 


21% 


85% 


65.7°C 


Probe & 


Helpers D & E 


8% 


62% 


63.3°C 


Probes 


and helper 


oligonucleotides were 


also 



15 synthesized for the 460-480 region and for the 980-1010 
region. Assays were run at 60°C and T m 's determined as 
in Example 1. The binding locations of the probes and 
helpers are shown in Fig. III. The results are shown in 
Tables IIB and IIC r respectively. 

20 

Table IIB 



Reagent 
25 (& Sequence) 

Probe alone 
( TCATCGGCCGCCGATATTGGC ) 

Probe & Helper F 
( AACGGCCTTTTCTTCCCTGA- 
3 o CAAAAGTCCTTTACAACCCG ) 
Probe & Helper G 
( GGCACGTAGTTAGCCGGTGCTT- 
ATTCTTCAGGTACCG ) 

Probe & Helper H 
3 5 ( CG ACTTGC ATGTGTAAAGCTT - 
GCCGCCAGCGTTCAATCTGAGCC ) 
Probe & Helpers F&G&H 
Probe & Helpers F & G 



% Hybrid Found 
Hybridiza- Overnight 
tion for Hybrid- 

12 min. ization Tm 

0.8% 10% 62.8°C 

4% 68% 64.9°C 



12% 72% 67.5°C 



0.9% 10% 



11% 85% 69.5°C 

9% 83% 69.5°C 
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10 



15 



20 



25 



30 
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Table IIC 



Reagent 

(& Sequence) 

Probe alone 
( GAGGATTCCGCACATGTCAAAA- 
CCAGGTAA) 

Probe & Helper I 
{ GGTTCTTCGCGTTGCATCG- 
AATTAATCCACATCATCCACCGC ) 

Probe & Helper J 
( CCTGTGTTACGGCTCCCGAAGG- 
CACTCCTCCGTCTCCG ) 

Probe & Helper I & J 

Probe & Helper K 
( GCACGTGTGAAGCCCTGGTCGTAA- 
GGGCCATGAGGACTTGACGTCAT- 
CCCCACCTTCC) 

Probe & Helpers I&J&K 



% Hybrid Found 
Hybridiza- Overnight 



tion for 
12 mini 
7% 



16% 



Hybrid- 
ization 



Tm 



7% 



18% 
7% 



63% 



78% 



90% 



91% 
90% 



59.2°C 



61.5°C 



61.2°C 



59.8°C 



17% 



91% 



67.8°C 



The results in Tables IIA, B f and C further confirm 
the effect of using helper oligonucleotides on probe 
hybridization with a target nucleic acid, including the 
effect of helper oligonucleotides which bind at a region 
remote to the region bound by the probe. The ability of 
the helper oligonucleotides to raise the T m of the hybrid 
of probe and target nucleic acid is also further 
confirmed. 

Example 3 

A DNA multimer target of 90 units was synthesized 
using a DNA synthesizer to have the following nucleotide 
sequence: 

5 ' -TTCGGGTT | GTAAAGTACTTTCAGCGGGGAG- 

Helper A Region 
G | AAGGGAGTAAAGTT AAT AC CTTTG | CTCAT 
Probe Region 
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TGACGTTACCCGCAGAAGAAGCACC j GGCTA-3 ' 
Helper B Region 

The DNA sequence was synthesized to have a 
nucleotide base sequence which corresponds to the region 
centered at about nucleotide 450 of the 16S ribosomal RNA 
of E.colx. a probe complementary to the region desig- 
nated as the "probe region" was synthesized to have the 
following sequence: 

5 * — CAAAGGTATTAACTTTACTCCCTT- 3 ' 
Assays were run using the DNA 90-mer and the probe 
with and without Helpers A and B. For comparison 
purposes, similar assays were run using the rRNA of 
E.colx as target. The regions recognized by these 
helpers in Salmonella are conserved in the E.coli 
15 rxbosome. The assays were run as described in Example 1 
except- that the molar ratio of each helper to probe was 
250 to L 

The percent hybridization observed in the assays 
between the probe and the rRNA of E.coli and the DNA 90- 
mer alone or with Helper A and B are shown in Table in 



10 



20 



Table in 



Overnight 
Hybridization 

25 f£S*t Reasent & Hybrid Found 

Control-no Probe alone 0>6% 

RNA or DNA 

E. coli rRNA probe alone 1>5% 

E. coli rRNA Probe/Helpers A & B 85% 

30 DNA 90-mer Probe alone 2 8g% 

DNA 90-mer Probe/Helpers A & B ^ 87% 

These results demonstrate that helper 
oligonucleotides also improve the kinetics of 
hybrxdxzation with a DNA target. similar results were 
35 obtained at 37-C, the temperature of the human body, 
demonstrating that hybridization of probe to a nucleic 
acxd is obtained under conditions which would permit in 
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viyo applications of the helper oligonucleotides in, for 
example, hybridization arrest procedures. 

Example 4 

Gonorrhea is one of the most commonly reported 
bacterial infections in the United States, with over two 
million cases reported annually. This sexually trans- 
mitted disease usually results in anterior urethritis in 
males and involves the cervix in females. while severe 
complications and even sterility can occur in untreated 
individuals, asymptomatic infections are common, 
resulting in carriers who unknowingly spread the disease. 

The causative agent, Neisseria gonorrhoeae , is a 
gram negative, oxidase positive diplococcus with 
15 stringent growth requirements. The method used for 
diagnosis depends on the site of infection and the 
patient symptoms. Gonococcal urethritis in males is 
diagnosed with good sensitivity and specificity using 
gram stain. Culture, requiring 24-72 hours, usually must 
20 be performed to confirm diagnosis of gonorrhea from all 
females and asymptomatic males. Following the detection 
of the organism from growth in culture, Neisseria 
gonorrhoeae must be identified by further tests such as 
carbohydrate degradation, coagglutination, fluorescent 
25 antibody screens or chromogenic enzyme substrate assays. 

Neisseria gonorrhoeae is particularly difficult to 
detect and distinguish using a nucleic acid probe because 
it is very closely related to N. meningitidis . Data 
published in Kingsbury, D.T., J. Bacteriol . 94:870-874 
30 (1967) shows a DNA : DNA homology for the two species of 
approximately 80-94%. Under guidelines established by 
the Ad Hoc committee on Reconciliation of Approaches to 
Bacterial Systematics, Int'l J. System . Bacteri ol. 
37:463-464 (1987), the phylogenetic definition of 
35 species generally means 70% or greater DNA : DNA homology. 
Despite the fact that these organisms may be considered 
to be the same species under established principles, an 
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assay was developed capable of distinguishing them using 
helper oligonucleotides. 

As expected, the rRNA homology between N. 
gonorrhoeae and N. meningitidis is even greater than the 
5 DNA homology between these species because of known con- 
served regions. A 1.0% difference between the 16S and a 
1.1% difference between the 23S rRNA sequences of N. 
gonorrhoeae and N. meningitidis ' has been observed. See 
Hogan, et al.. Application for United States Patent 
10 having Serial No. 87-03009, filed November 24, 1987 
entitled "Nucleic Acid Probes for Detection and/or 
Quantitation of Non-Viral Organisms", the disclosure of 
which is incorporated herein by reference. 

Making a probe for N. gonorrhoeae was complicated by 
15 the fact that in some sites where N. meningitidis and N. 
gonorrhoeae differed, other Neisseria species were 
similar to N. gonorrhoeae. The few mismatches which 
exist between these two species are in the most variable 
regions, i.e., regions which vary not only between 
20 species, but also from strain to strain. Despite the 
fact that some believed the species could not be 
distinguished at all, and others believed that rRNA was 
too conserved to be useful in probe diagnostics, Hogan, 
et al. describe probes capable of dif ferntiating N. 
25 gonorrhoeae and N. meningitidis . 

The following sequences were characterized and shown 
to be specific for Neisseria gonorrhoeae . The phylo- 
genetically nearest neighbors Neisseria meningitidis . N. 
lactamica , N. cinerea, N. mucosa , and Kingella kingae 
30 were used for comparison with the N. gonorrhoeae 
sequence. 

1. CCG CCG CTA CCC GGT AC 

2. TCA TCG GCC GCC GAT ATT GGC 

3. GAG CAT TCC GCA CAT GTC AAA ACC AGG TA 
Sequence 1, .complementary to 16S rRNA in the region 

125-150, is 17 bases in length and has a T m of 56»C. 
Sequence 2, complementary to 16S rRNA in the region 
455-485, is 21 bases in length and has a T m of 63«C. 
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Sequence 3 r complementary to 16S rRNA in the region 
980-1015, is 29 bases in length abnd has a T m of 57°C. 

Oligonucleotides complementary to sequences adjacent 
to the probe regions were synthesized and mixed with 
5 probes and used in a hybridization procedure. 

The reactivity and specificity of the probes for 
Neisseria gonorrhoeae was demonstrated with a hybridiza- 
tion assay. The three oligonucleotide probes were 
iodinated with 125j and mixed with unlabeled oligonucleo- 

10 tides of sequence 5'-CCC CTG CTT TCC CTC TCT AGA CGT ATG 
CGG TAT TAG CTG ATC TTT CG-3 ' , 5 1 -GCC TTT TCT TCC CTG AC A 
AAA CTC CTT TAC AAC CCG-3 1 , 5 1 -GGC ACG TAG TTA GCC GGT 
GCT TAT TCT TCA GGT AC- 3', and 5' -GGT TCT TCG CGT TGC ATC 
GAA TTA ATC CAC ATC ATC CAC CGC-3 ■ , and with purified RNA 

15 (target excess) in 0.48 M sodium phosphate, ph6.8, 0.5% 
sodium dodecyle sulfate (SDS) and incubated at 60°C for 
one hour. The helper to probe molar ratio was 60 to 1. 
Following incubation, 4 ml of 2% hydroxyapatite, 0.12 M 
sodium phosphate pH6.8, 0.02% SDS was added and the 

20 mixture was incubated at 60°C for 5 minutes. The samples 
were centrifuged and the supernatants were removed. Five 
ml of wash solution (0.12 M sodium phosphate pH6.8, 2% 
SDS) was added and the samples were mixed, centrifuged, 
and the supernatants removed. The amount of radio- 

25 activity bound to the hydroxyapatite was determined in a 
gamma counter. 

Table IV shows that the probes hybridize well to 
N. gonorrhoeae RNA and do not hybridize to the other 
species tested. 

30 Table IV 

Hybridization of Neisseria Gonorrhoeae 
Probes 1-3 to Neisseria and Kingella RNAs 
Organisms ATCC# % Probe Bound 

Kingella kingae 23332 0.09 

35 Neisseria cinerea- 14685 0.04 

N. gonorrhoeae 19424 48.4 

N. lactamica 23970 0.07 

N. meningitidis serogroup A 13077 0.04 
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N. meningitidis serogroup B 13090 0.04 
N. meningitidis serogroup C 13102 0.04 
N. mucosa 19696 0.07 

N. sulflava 14799 QQ5 

5 The foregoing experiments demonstrate the utility of 

helper oligonucleotides in increasing the rate and extent 
of hybrid formation between a probe and a target nucleic 
acid and the effect of raising the T m of the resulting 
hybrids. in one embodiment of the invention, the helper 
10 oligonucleotides may be utilized in assays which use a 
DNA or RNA probe to detect DBA or RNA of interest in 
suitable samples. 

The helper oligonucleotides can be used, for 
example, in assays which target DNA as described in U.S. 

15 Patent No. 4,358,535. The DNA in that assay is fixed to 
a solid surface. However, a "soluble" portion which is 
not fixed to the solid phase does extend into the solvent 
medium containing the probe and to that extent can 
possess a secondary and tertiary structure like a fully 

2 0 solubilized, single strand of nucleic acid. 

The helper oligonucleotides can also be used in 
assays which target rRNA as described in Canadian Patent 
No. 1,215,904 and mRNA as described in European Patent 
Application No. 84900667.1. These assays rely upon the 

25 separation of unhybridized probe using a solid phase 
which selectively removes the hybrid. it is also 
possible to use helper oligonucleotides in assays which 
are conducted in a homogeneous medium as described in 
Arnold, et al., application for U.S. Patent Serial No. 

30 099,392 filed September 21, 1987 entitled Homogeneous 
Protection Assay, the disclosure of which is incorporated 
herein. 

In such assays, the probe can be labeled with any 
suitable label such as a radionucleotide, for example, 
35 125 I' 32 p' 3 H or. the like. The label can be an enzyme 
such as horseradish peroxidase or alkaline phosphatase 
which catalyzes a color forming reaction of a suitable 
substrate. The label may also be a fluorometric moiety. 
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Most preferably the label is an acridinium ester such as 
described in British Patent No. 2,112, 779B and Arnold, et 
al., supra . 

In such assays, a single or multiple helpers may be 
used. Typically the helper is added in substantial molar 
excess compared to the amount of nucleic acid present in 
the sample in order to more rapidly bind to the target 
nucleic acid and inhibit intramolecular strands 
hybridizing, which impose the secondary and tertiary 
structure which inhibits probe to target hybridization. 

The assays themselves are typically run at a 
temperature which is 4 to S°C below the T m of the 
probe: target hybrid. This reduces the extent of 
hybridization between the probe and nontarget DNA, 
15 thereby reducing the likelihood of a false positive 
result. 

Since the helper oligonucleotides can be used in 
processes for detecting a target nucleic acid, the 
invention also contemplates a kit for use in such assays 
20 comprising one or more probes and one or more helper 
oligonucleotides as reagents. In such a kit the probe 
would be provided with a suitable label as described 
herein. Such a kit may also include positive and 
negative controls and standards for obtaining 
25 quantitative results. 

In another embodiment of the invention, the helper 
oligonucleotides can also be used to enhance the in vivo 
hybridization of a probe with a target nucleic acid such 
as mRNA in hybridization arrest procedures. in such a 
30 case the probe and helper may be given a patient as a 
mixture or sequentially, the helper typically being 
administered first to establish a structure which will 
permit better binding between probe and target. Again, 
multiple helpers may be used. in such in vivo applica- 
35 tions it is preferred to use a DNA analogue, such as a 
methlyphosphonate, for both probe and helper as methyl- 
phosphonates and other analogues are known to enter a 
cell more easily than DNA with the usual phosphate 
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tester backbone. In suchTcase, the probe and helpers 
may be administered in a suit^i. >. neipers 
in an »r,. smtable pharmaceutical carrier 

other d -T am ° Unt t0 CaUSS h r b ^««°" "rest or 
other desxred result. Administration may either be oral 
5 or parenterally. 

m „ Th€ , fore ^ing are but examples of the presently 
preferred embodiments of u Ses to which helper oli go I 
nucleotides of the present invention may be p!t 

ttZelTl' PreSSnt inV6nti0n iS t0 be — ide ed 

1Q limxted only by the appended claims. 
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Claims 

1. A process for enhancing the binding between a 
nucleotide probe and a complementary nucleotide sequence 
in a single stranded target nucleic acid comprising 
adding to the target nucleic acid a helper oligonucleo- 
tide which hybridizes with the target nucleic acid in a 
different region than the probe, the helper oligonucleo- 
tide being added in an amount effective to enhance the 
binding of the probe to the target nucleic acid. 

2. A process according to Claim 1 wherein the target 
nucleic acid is selected from DNA, mRNA, rRNA and tRNA 

and other small nucleic acids. 

15 3. A process according to Claim 2 wherein the target 

nucleic acid is separated from an organism producing it - 
or in which it is found prior to the addition of the 
helper oligonucleotide and the nucleotide probe. 

20 4. A process according to Claim 2 wherein the helper 

oligonucleotide and the nucleotide probe are introduced 
to a cell in which the target nucleic acid is located and 
the hybridization between the target nucleic acid and the 
helper oligonucleotide and nucleotide probe occurs 

25 intracellularly. 

5. A process according to any of Claims 1, 2, 3 or 4 
wherein the probe is a DNA oligonucleotide and the helper 
oligonucleotide is a DNA oligonucleotide. 

6. A process according to Claim 5 wherein the probe 
comprises from about 10 to about 50 nucleotides in length 
and the helper oligonucleotides comprise from about 10 to 
about 100 nucleotides in length. 

7. A process according to Claim 6 wherein the probe 
and helper oligonucleotides are selected from DNA having 
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a diphosphate ester backbone, an alkyl or arylphosphonate 
backbone or a phosphorothioate backbone. 

8. A process according to Claim 7 wherein the probe 
comprises about 15 to about 40 nucleotides and the helper 
oligonucleotides comprise from' about 20 to about 50 
nucleotides. 

9. A process according to Claim 6 wherein the helper 
10 oligonucleotide binds with the target nucleic acid 

immediately adjacent to the probe. 

10. A process according to Claim 7 wherein the helper 
oligonucleotide binds with the target nucleic acid 

15 immediately adjacent to the probe. 

11. A process according to Claim 6 wherein the helper 
oligonucleotide binds with the target nucleic acid in a 
region removed from the probe. 

20 

12. A process according to Claim 7 wherein the helper 
oligonucleotide binds with the target nucleic acid in a 
region remote from the probe. 

25 13. A process according to Claim 5 wherein the probe is 

labeled to permit the detection of the probe. 

14. A process according to Claim 13 wherein the probe 
is detected after formation of hybrid and separation from 

30 the unhybridized probe. 

15. A process according to Claim 14 wherein the label 

is a radionucleotide, an enzyme, a fluorometric moiety or 

a moiety which participates in a reaction which produces 
35 chemiluminescence. 

16. A process according to Claim 15 wherein the label 
is elected from "Sj Qr an acridinium ester> 
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17. A process according to Claim 5 wherein a mixture of 
helper oligonucleotides is used. 

5 18. A process according to claim 6 wherein a mixture of 

helper oligonucleotides is used. 

19. A process according to Claim 14 wherein a mixture 
of helper oligonucleotides is used. 

10 

20. A process according to Claim 15 wherein a mixture 
of helper oligonucleotides is used. 

21. A duplex nucleic acid comprising a hybrid of a 
15 nucleotide probe and a target nucleic acid to which is 

hybridized a helper oligonucleotide. 

22. A duplex according to Claim 21 wherein the duplex 
is comprised of more than one helper oligonucleotide. 

20 

23. A kit for the detection of a target nucleic acid 
comprising a labeled nucleotide probe complementary to a 
nucleotide sequence in the target nucleic acid and a 
helper oligonucleotide. 

25 

24. A kit according to Claim 23 comprising two or more 
helper oligonucleotides. 

25. A kit according to Claim 24 wherein the kit 
30 contains two or more probes and two or more helper 

oligonucleotides . 

26. A kit according to Claim 25 wherein each probe has 
a helper oligonucleotide. 

35 

27. A kit according to Claim 26 wherein one or more 
probes has two or more helper oligonucleotides. 



8904876A1 I > 



WO 89/04876 



PCT/US88/04103 



1/4 



SECONDARY STRUCTURE OF EUBACTERIAL I6S RIBOSOMAL RNA 




; -:jf--;;^^3IO 80 \H 

..^••••-250J.H30 1460 

O-260 2 !?>:" : 1450-c/ 
_22qjH4 0 150 

2 oo\ _ ..-MU 
l90- ; . : . ; 



/7£ /. 



"170 



C! iristiTUTE SHEET 



WO 89/04876 PCT/US88/04103 



2/4 



SECONDARY STRUCTURE OF EUBACTERIAL I6S Rl BOSOM AL RNA 



™ 72 o 

700..-. 70 

•....*...»••«• •. 

•y 

690 680 670-iii 730 790 
.• ; f>740 



,090 1=?rll00»!0 ||20 1130 

• • • » !*. 

j08Q -£)Q7Q >j>/ ' :M50'" 1140 

RfS^»l=:Lv4iieo 



660-!=:. 780 . Jii o 0n |020^ U \&L,, 7n 




HELPER A 



1260 



m\m<>^' '••• / ^i^9oo aso^lLj^ ?V ' ™ 

..V- l :=i-540:' 9IO^--';920 930 94 (H, ;' ^^Yoir 1280 



. 1290 
•1300 




1410-frin 

■ • 3 



390"\ 

38o 360 :::; : , ; -5o 

330 ? 34o : #'** :=:% c60 
300^.;'..1 ; 'mm^ 2 o \ 70 
; -ff-;;.rrtr3IO ..:?<*•. 80 

28o, 29 g;.^ i ^" 4 ,430?2T,4?0 



l420-;ii\'-l540 

: : ljl480 



270, ,>V240l§! 120 
-...'-260 • 



90 



220 rfj-Mo 150 

OIA. .* — • ••••...>•• 

£11/ ti ifiK i 1 1 • 1 1 iiii.i V 

l90- : . : - : 



I440 #I460 
1450-:?/ 



160 



FIG. 2. 



SUBSTITUTE SHEE 



JNSDOCID: <WO 8904876A1 I > 



WO 89/04876 



PCT/US88/04103 



3/4 



SECONDARY STRUCTURE OF EUBACTERIAL I6S RIBOSOMAL RNA 



HELPER 6 



FIG. 3a, 



720 

700..... 710 

• 

■ Ml •• IIIM- *> •! • 

690*"* 680 ^if 7*30 790 
670 ,. : f : .-740 




840.. 



enf. W. ;I:.^ 0 

640 v 650 :'" = r 75 ? 70 ':^:: n 
620-Cv>>>:: yivX"*^ 

580r# .^ n ^>:.--850 
!0...570-i /-S>r 0 en 
' ^:=r88(5 i..v:860 
L r-.-'530 :*• r890 x ^-870 
|E;560y/" *,"!!. :»>.>-900 



380 360 : -r^ 50 

330^34^-- 
300^;-.A*'i\^320 




JfX._<ilo\ ioo 

••"Ayf" 120 
270 A^UAll 

!^? 4 °|.7-I30 



90 

'HELPER C 
HELPER E~ ^ "250 rf ^JTpRnRF 

220 > ; iH40 ioo 



210- 



■160 



290 •& HELPER D 



SUBSTITUTE SHEET 



WO 89/04876 



PCT/US88/04103 
4/4 



1060 

1040 
1030 
HELPER J 
1020 



SECONDARY STRUCTURE OF EUBACTERIAL I6S RIBOSOMAL RNA 
1090-QjlOOp n2Q 1130 

i •'i t'i'i II.*." Vn i*i 1 1 t • i • tit •*! 



1170 
1180 
1190 

HELPER K 
1250 ^|260 



HELPER I 




950 940 
c 920 c 93(j 

ViVi '• •VmViV • " * • 



1270 



• S290 



,400- 

i i Wr%--. v£ 1310 

,4,0 "^^I530'1* \I360 5 q 320 

a 4q ° J 1370 
1420-i=:- H540 

ji! 1480 
1430:^^1470 



/76 JA 



I450< ; 



SUBSTITUTE SHEET 



INTERNATIONAL SEARCH REPORT 



International Application NopQip /US88/04103 



I. CLASSIFICATION OF SUBJECT MATTER (if several classification symbols apply, indicate all) « 



According to International Patent Classification (IPC) or to both National Classification and IPC 

Int. CI (4): C12Q 1/68; C07H 21/00 
U.S. CL. : 435/6, 536/27 



II. FIELDS SEARCHED 



Minimum Documentation Searched 7 



Classification System 



U.S. 



Classification Symbols 



435/6, 803, 810 . 
935/78;. 436/501, 808, 63 
536/27 



Documentation Searched other than Minimum Documentation 
to the Extent that such Documents are Included in the Fields Searched 8 



Computer Searches.: APS ; Chemical Abstracts; World Patents 
Index (WPI, WPIL) ; Medline 



III. DOCUMENTS CONSIDERED TO BE RELEVANT » 



Category • 



Citation of Document, « with indication, where appropriate, of the relevant passages & 



Relevant to Claim No. »■ 



US , A, 4, 511 , 713 (MILLER ET AL) , 
16 April 1985, see Abstract. 

Journal of Molecular Biology, Vol. 197, 
No. 2, issued 20 September 1987 
(London, England), see abstract 
and pages 360-361. 

EP, A, 0,185,494 (APPLIED BIOSYSTEMS, 
INC.), 25 June 1986, see Abstract 
and page 12, lines 8-17; 
page 24, lines 10-14. 



1-3,5-10 
13-27 



* Special categories of cited documents: 10 

"A M document defining the general state of the art which is not 
considered to be of particular relevance 

"E" earlier document but published on or after the international 
filing date 

M L" document which may throw doubts on priority claim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

"0" document referring to an oral disclosure, use, exhibition or 
other means 

"P" document published prior to the international filing date but 
later than the priority date claimed 



"T" later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention. 

"X n document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step 

"Y" document of particular relevance; the claimed invention 
cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

"A" document member of the same patent family 



IV. CERTIFICATION 



□ate of the Actual Completion of the International Search 



Date of Mailing of this International Search Report 



0 2 February 19 89 



1 7 APR 1989 




International Searching Authority 

ISA/US 



^A^ri^gc, 

fEREMY M. JAY ~ 



Form PCTASA/210 (second sheet) (Rev. 1 1 -87) 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



